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As a part of the group investigation of experimental epidermal carcinogenesis
by the research staff of the Barnard Hospital under the direction of Dr. E. V.
Cowdry, photometric apparatus has been constructed with which one can deter-
mine the relative amounts of certain substances in tissues. This apparatus was
first used in studying the thymonucleic acid content of mouse epidermis during
the transition from normal epidermis to carcinoma following the application
of the carcinogen methylcholanthrene (1). Recently the instrument has been
employed for measurements of relative amounts of thymonucleic acid in human
epidermis and epidermoid carcinomas (2), in radiated and non-irradiated trans-
plantable mammary carcinomas (3) and in human lymphoid leukemia (4). This
paper is concerned with the possible uses of this photometric apparatus in re-
search work on the skin. The value of the photometric technique is shown by
the results already obtained.
PHOTOMETRIC APPARATUS
This photometric apparatus, which represents a new approach to quantitative
histochemistry, consists of a light source and filters, a microscope, a photocell
and amplification and recording apparatus. The details of the instrument and
its operation have been published elsewhere (1). Relative amounts of pigment
in different areas of the same section or of different microscopic sections are
compared by determining the absorption of complementary monochromatic
light by the pigment. By employing a specific stain for one tissue component,
one may measure relative amounts of that particular substance in selected small
areas of tissue.
Corrections are applied for changes in the incident light and for the absorption
of light by the other constituents of the tissue. Several sections of tissue are
mounted together on the same slide and all slides to be compared are stained
simultaneously in the same staining dish. Slight variations within the tissues
are reduced by the averaging of 50 absorption readings from each type of tissue
and by averaging the results of two or more similar types of tissue. By the
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careful standardization of technique and application of corrections one can
measure only the absorption of light by the stain. The measurements obtained,
however, are oniy relative values for the tissues compared and no attempt has
been made to express the results in standard quantitative units. Thus, one can
say that one type of cell contains an average of 20 per cent more thymonucleic
than another type of cell, but the amounts of thymonucleic acid are not ex-
pressed in micrograms. Repetition of single measurements on the same area
of tissue are accurate to 1 per cent. The total error by this photometric method
as it has been employed is less than 10 per cent.
This photometric method has the advantage that the apparatus permits one
to examine and localize the exact area to be measured. By counting the number
of nuclei in the field one can determine the relative mean amount of substance
per cell. Areas which are atypical or contain artifacts are not measured.
Exact techniques have been developed (5) for the separation of epidermis
from dermis. However, the chemist has not yet been able to adapt his macro-
chemical methods so that he can compare the amounts of substances in adjacent
small groups of cells of the basal or spinous layers of the human epidermis.
Such an analysis is readily achieved with this photometric apparatus.
HISTOCHEMISTRY OF THE SKIN
Histochemistry is the study of the chemical constitution of tissues, whereas,
cytochemistry is concerned with the chemical constitution of the elements of a
cell. By this combination of the techniques of histology and chemistry the
fundamental problems of physiology and pathology may be reduced to the
chemical mechanisms of tissues. Histochemical reactions may be utilized to
identify chemical compounds such as proteins, fats or carbohydrates or chemical
elements in inorganic ionic form or combined in organic form.
To detect elements combined in organic form it is necessary to isolate the
element in ionic form without any disturbance of the morphology of the tissue.
it is essential that there be no diffusion of the substance to be tested and that the
reagents or tissue are not contaminated with anything which might interfere
with the reaction. Histochemistry implies a definite localization of chemical
reactions which must be obtained in the exact area in which the substance to be
characterized is located.
Cells may be subjected to cytocheniical analysis by three methods: through 1) their
ability to stain selectively, 2) their disappearance after appropriate digestion or chemical
treatment, and 3) their identification by their own intrinsic properties. This photometric
apparatus is especially suited for analysis by the first method, but could also be used for
the second method. The second and third methods of analysis are illustrated by the classic
work on nucleic acids of Caspersson and Schultz (6—9).
A number of the more recently developed histochemical techniques such as microincin-
eration and spectrographic analysis have been used in studies on the skin. These tech-
niques are illustrated by the work on neurodermatitis by MacCardle, Engman and Engman
(10—12). Rather than attempting to review the histochemical work which has been done
on the skin, some of the possible uses of this photometric apparatus in histochemical
analyses of the skin will be considered.
Such photometric apparatus is adaptable for the measurements of relative amounts of a
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large variety of endogenous and exogenous pigments and substances in normal and patho-
logic tissues. A number of the more suitable constituents of tissues for analyses with this
apparatus are listed in table 1. The standard staining techniques for these histochemical
procedures, which would require some modification, are given in books of microtechnique,
such as those by Mallory (13) and Cowdry (14). Additional substances which appear as
potential but perhaps less suitable constituents of tissue for analyses include amino acids,
amyloid, arsenic, carbonic anhydride, chloride, copper, cholesterol, eleiden, epinephrine,
glutathione, gold, iodine, keratohyalin, lead, lime salts, magnesium, mercury, mucin,
nucleoli, oxidase and peroxidase positive granules, potassium, sodium urate, silicon, silver,
sulfanilamides, vitamin C and zinc. This enumeration of cellular constituents will suffice
TABLE 1
Substances which are apparently suited for photometric estimation
Acidophilic cytoplasmic granules Modified acid fuchsin or azocarmine stains
Argyrophilic granules Silver stains
Bacteria Gram negative; especially acid-fast organ-
isms
Basophilic cytoplasmic granules Modified special pituitary stains
Calcium Alizarin S; silver stains of Gomori (15) and
von Kossa
Carbon In unstained sections
Chromatin Nuclear stains such as methyl green, saf-
ranin and hematoxylin
Collagenous fibers Aniline blue, fast green or selenium plate
with polarized light
Colored injection masses Carmine gelatin (16); for estimating vascu-
lar spaces
Elastic tissue Special elastic tissue stains
Fats Sudan IV or osmic acid methods
Glycogen Best's carmine stain
Hematogenous pigments Hemofucsin, hemosiderin, hematoidin and
malarial pigment—stained or unstained
Iron Specific stains for iron
Melanin Unstained or stained by silver nitrate
Melanoblasts Dopa reaction
Phosphatase, acid or basic Methods of Gomori (17—19) and Wolf, Ka-
bat and Newman (20, 21)
Reticular tissue Silver methods
Thymonucleic acid Fuelgen reaction
to show, when one considers the normal and pathologic variations of each, that such ap-
paratus could be used in a great variety of research problems on the skin as well as on other
tissues.
MEASUREMENTS OF THYMONUCLEIC ACID
For the initial work with this photometric apparatus thymonucleic acid was
studied because it is a most important constituent of the nuclei of cells and
because the Feulgen reaction for thymonueleic acid is one of the most specific of
histochemical reactions. The Feulgen reaction, which was developed in 1935
by Feulgen and Rossenbeck (22) and has since been modified and improved by
de Tomasi (23) and Coleman (24), is carried out in two steps. The first step
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is a mild acid hydrolysis, which separates the purine bases and the carbohydrate
of the nucleic acid, thus freeing the aldehyde groups of the aldo-pentose sugars.
The second step involves a reaction between the liberated aldehyde groups and
fuchsin-sulfurous acid reagent (leuco basic fuchsin). In the formation of this
reagent basic fuchsin is reduced and decolorized by the action of sulfur dioxide.
When the partially hydrolyzed tissue is immersed in this fuchsin-sulfurous
reagent, the portions of nuclei containing thymonucleic acid stain an intense
reddish-purple.
The exact chemistry of the Feülgen reaction is not clearly understood. Wie-
land and Schening (25) have suggested that the aldehydes react with the colorless
fuehsin-sulfurous reagent to form a colored addition compound. Feulgen him-
self thought that a new dye compound was synthesized which was violet in color
as compared with the red of the basic dye. The difference between the original
basic fuchsin and colored fuchsin-sulfurous reagent was shown by the spectro-
photometric analyses of Stowell and Albers (26).
As an example of the use of this photometric apparatus in histochemical
studies on the skin, it is of interest to consider the work which has been done on
thymonucleic acid. The details of these observations are published elsewhere
(1, 2). Biopsies of squamous cell carcinoma were removed from eleven patients.
The tissues were fixed, dehydrated, embedded in paraffin, sectioned and stained
by the Feulgen reaction in a standardized manner. The tumors as well as any
adjacent normal and hyperplastic epidermis were analyzed in the photometric
apparatus and data obtained for the relative mean amounts of thymonucleic
acid per area of tissue and per cell. As an example, the data on the biopsy of an
epidermoid carcinoma from the right pre-auricular region in a 76 year old man is
given in tables .2 and 3. The numbers 1 and 2 in these tables refer to the two
adjacent serial sections which were analyzed. In most instances the results on
the two sections agreed closely. The observed differences in the two sections
may be partially explained by variations in the areas measured, in the thickness
of the sections and in the intensity of the staining. Since a probability of less
than 0.01 is considered statistically significant, all but one of these results were
highly significant statistically.
The results with this one biopsy were similar to the results on the other speci-
mens. Hyperplastic epidermis, in which the cells were large, contained less
thyinonucleic acid per unit volume of tissue than normal epidermis or car-
cinomas. The carcinomas contained more thymonucleic acid per unit volume
of tissue than normal epidermis.
Probably of more importance than the amount of thymonucleic acid per unit
volume of tissue is the amount of thymonucleic acid per cell. This amount, as
compared with the normal, was increased in some specimens of hyperplastic
epithelium and decreased in others.
The nuclei of some carcinomas contained significantly increased amounts of
thymonucleic acid. In no case was it significantly decreased. These variations
in the mean amounts of thymonucleic acid in the cells o epidermoid carcinoma
show that in some types of neoplasia there is a disturbance of the nucleic acid
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balance of the cells. Observations on the thymonucleic acid during the pro-
duction of carcinoma in the skin of mice following the application of methyl-
cholanthrene gave essentially the same results (1). The work of Caspersson (8),
Koller (27), and of Biesele, Poyner and Painter (28—32) also supports the concept
of an imbalance of nucleic acids in malignant tumors. Additional work is
TABLE 2
Data from photometric measurement of absorption of light by normal epidermis, hyperplastic
epidermis and epidermoid carcinoma after staining by the Fuel gen reaction
NOR
1
MAL
2
13.0
UYPERP
1
12.3
LASTIC
2
10.4
CARCI
1
16.8
MONA
2
17.4Percentage absorption of light 13.3
Percentage absorption of unstained
tissue 0.5 0.5 0.5 0.5 0.5 0.5
Corrected percentage absorption of
light by stain per area 12.8 12.5 11.8 9.9 16.3 16.9
Coefficient of variation of measure-
ments 22.4% 25.5% 36.8% 46.7% 16.7% 29.6%
Mean no, of cells per area 12.6 11.6 12.9 10.8 13.2 11.3
Mean per cent absorption per cell... 1.01 1.07 0.91 0.91 1.23 1.50
TABLE 3
Ratios of absorption of light per area an.d per cell of normal epidermis, hyperplastic epidermi8
and epidermoid carcinoma and statistical significance of results
CARCINOMA, RYPERPLASTIC, CARCINOMA,
NORMAL NORMAL EYPERPLASTIC
1 2 1 2 1 2
Mean absorption per area 1.27 1.36 0.92 0.80 1.38 1.70
Ratio of difference per area di-
vided by standard error of dif-
ference 1.3 3.0 6.1 6.9 6.2 5.2
Probability of obtaining as great
a difference by chance 0.0968 0.0012 0.0000 0.0000 0.0000 0.0000
Mean absorption per cell 1.22 1.40 0.90 0.85 1.35 1.64
Ratio of difference per cell divided
by standard error of difference.. 4.7 9.0 3.3 4.5 9.2 13.5
Probability of obtaining as great
a difference by chance 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000
necessary to determine whether this disturbance is a cause or a result of the
malignant transformation of cells.
The analyses of comparable irradiated and non-irradiated transplantable
mammary carcinomas in rats and in mice show that in some instances there
is a decrease in the amount of thymonucleic acid per unit volume of tissue and
per cell following roentgen radiation (3). These observations, in conjunction
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with the work of Mitchell (33—34), support the idea that x-radiation produced a
disturbance in the balance of nucleic acids which may lead to death of the cells.
Preliminary investigations on two patients with lymphoid leukemia have
shown that the leukemic blood cells contain significantly increased amounts of
thymonucleic acid when compared with normal lymphocytes.
These examples of results obtained with the photometric analysis of thymo-
nucleic acid in tumors illustrate its value as a histochemical research instrument.
It is hoped that it may eventually be employed in a variety of histochemical
investigations in the skin as well as in other tissues.
SUMMARY
As a new method in quantitative histochemistry, photometric apparatus has
been constructed which is suitable for measuring relative amounts of pigments
in tissues. By employing a specific stain for one tissue constituent, one may
measure relative amounts of that particular substance in selected small areas of
tissues. This apparatus has many possible uses in histochemical research on the
skin as well as other tissues. Some of these possible uses are suggested.
The instrument has been used for measurements of thymonucleic acid in
various tissues stained by a modified Feulgen reaction. Measurements were
made on adjacent areas of normal epidermis, of hyperplastic epidermis and of
epidermoid carcinoma in biopsies from patients as well as from experimental
skin tumors in mice.
Hyperplastic epidermis contains less thymonucleic acid per unit volume of
tissue than normal epidermis or epidermoid carcinoma. This difference is ex-
plained by the larger size of the cells of hyperplastic epithelium. There is a
significantly increased amount of thymonucleic acid in the cells of some car-
cinomas. These observations add further evidence to the claim that there is a
disturbance of the nucleic acids and nucleoproteins in some malignant tumors.
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